Background: Orthogonal frequency division multiplexing has been regarded as one of the promising technologies for the optical access systems application. However, high peak-to-average power ratio will cause the signal distortion and enable the used amplifier to operate in nonlinear section. Methods: In this paper, a modified selected mapping technique is introduced for reducing the peak-to-average power ratio and enhancing reception performance of the downstream 8QAM-OFDM signals in optical access systems. Results: Compared with the traditional selected mapping technique, the PAPR value of 8QAM-OFDM optical downstream signals with 128 subcarriers is reduced by almost 2 dB using modified SLM when the complementary cumulative distribution function probability value is 10−2. Moreover, the bit error rate performance will be improved, while 10Gbit/s 8QAM-OFDM optical downlink signals are transmitted over single mode fiber with different access length. Conclusions: Hence, the proposed scheme becomes more efficient for the future optical orthogonal frequency division multiplexing access systems.
Background
Orthogonal frequency division multiplexing (OFDM) is the preferred technology in optical access networks since it offer resistance to chromatic dispersion (CD) and polarization mode dispersion (PMD), multiple services access and high spectral efficiency [1, 2] . However, high peak-to-average power ratio (PAPR) not only increases complexity of digital-to-analogue (D/A) and analogueto-digital (A/D) converters, but also causes signals nonlinear distortion since it makes the power amplifier (PA) work in a non-linear area in optical access systems [2] [3] [4] [5] [6] [7] [8] . Hence, OFDM signals with low PAPR are desirable for optical signals access. In [9] , there are many PAPR reduction techniques are introduced and analyzed. Amongst these techniques, selected mapping (SLM) is one of the promising methods for reducing PAPR influence because it is simple to achieve and not introduce any distortion [10] . Recently, SLM method is introduced into generation of (16 quadrature amplitude modulation orthogonal frequency division multiplexing) 16QAM-OFDM signals in millimeter wave optical access systems for solving high PAPR problem [11, 12] . In Ref. [13, 14] , though high PAPR reduction of OFDM using recurring SLM with cyclic block codes scheme and a modified SLM scheme have been proposed, the BER performance has not been analyzed and their applications had not been carried out in communication systems. In this paper, a modified SLM technique is introduced for reducing the PAPR and enhancing reception performance of the downstream 8QAM-OFDM signals in optical access systems. Compared with 4QAM-OFDM signals, 8QAM-OFDM signals are selected as the downlink signals in this scheme, because 8QAM-OFDM signals can improve system capacity and spectrum efficiency. Moreover, generation and detection of 8QAM-OFDM downstream signals is easier to implement than 16QAM-OFDM signals. The complementary cumulative distribution function (CCDF) curves are measured for analyzing the PAPR influence, when traditional SLM and one modified SLM methods are adopted. Compared with the traditional SLM technique, the PAPR value of 8QAM-OFDM optical downstream signals with 128 subcarriers is reduced by almost 2 dB using modified SLM when the CCDF value is 10 −2 . Moreover, the bit error rate (BER) performance will be improved, as 10Gbit/s 8QAM-OFDM optical downlink signals are transmitted over single mode fiber (SMF) with different access length using this scheme.
The paper is organized in different sections. Section II gives brief description about system configuration method. Section III discusses the comparison of both proposed method and existing method. Finally, conclusions are given in Section IV.
System configuration
An OFDM signal can be expressed as
where a(t) is an OFDM signal with N subcarriers, and
] is an input data sequence. The duration of a data symbol is T. The PAPR value of the OFDM signal can be described as
Where max [.] is the maximum value operation, and it is indication of maximal value. E[.] is the expectation operator and indication of average power. The above equation represents the ratio of the maximum power value to the average power. In the conventional SLM technique, to reduce the value of PAPR, the input sequence is multiplied by U phase rotation vectors [11] . After Inverse Fast Fourier Transform (IFFT), a few alternative sequences can be obtained (e.g., SLM method. When the modified SLM technique is adopted, the sequences after IFFT are arbitrarily selected out of two. One is multiplied bysin(π/4), and the other is multiplied byi * cos(π/4), as shown in Fig. 1b . Since Fourier transform has linear property [14] , the generated new sequence can be written as
And then, they are input in the alternative sequence after adding the two together. If extra M alternative sequence is obtained, using this method, N + M alternative sequences will be generated. As shown in Fig. 1c and d , at the receiver, the OFDM data block can be restored by the reverse operation, which is similar to the used method in Ref. [8] . But, the number of reverse sequence is different.
Methods
As shown in Fig. 2 , at the transmitter, after the 10Gbit/s data are input in 8QAM modulation module, the generated 8QAM electric signals are converted from serial signals to parallel signals through one serial-to-parallel converter. And then, the SLM and the modified SLM techniques are used separately for comparing the differences of two methods. In this system, discrete multitone modulation (DMT) and demodulation are also used to generate and receive real value signals, that is similar to the method in Ref. [8] . The parallel-to-serial conversion is adopted before adding cyclic prefix (CP). The generated 8QAM-OFDM electrical signal is input to one Mach-Zehnder modulator (MZM) for completing electro-optic conversion. Simultaneously, one continuous optical carrier is input to the MZM, which is generated by one external cavity laser (ECL) and its line width is 100 kHz. The modulator (Vπ = 3.6 V) is driven by the 8QAM-OFDM electrical signal with the bias voltage of 1.8 V for linear modulation. After that, the 8QAM-OFDM optical signal is generated and transmitted over the single mode fiber (SMF, and its parameters are shown in Table 1 ). Optical spectral diagrams of generated 8QAM-OFDM optical downstream signals using conventional and modified SLM techniques are measured, as shown in Fig. 3 . To compensate fiber link attenuation, one adjustable erbium doped fiber amplifier (EDFA) is used. At the receiver, the 8QAM-OFDM optical signal is detected by a high sensitivity positive intrinsic-negative (PIN) and converted to the electrical signal. The electrical signal is amplified by an electric amplifier (EA). And then, the amplified electrical signals are divided into two parts. One is input to one tunable phase shifter for achieving phase adjustment, and the other is transmitted directly. Two parts are input to one electric mixer to achieve self-mixing coherent mixing. Through one low pass filter (LPF) with 3 dB bandwidth of 7.5GHz, the high frequency noise is filtered out. The 10Gbit/s 8QAM-OFDM electrical signal is converted from one serial signal to one parallel signal by one serial-to-parallel converters. After removing cyclic prefix (CP) and reverse SLM operation, the original input data are got by 8QAM demodulation. 
Results and discussion
As shown in Fig. 4a and b, the complementary cumulative distribution function (CCDF) curves of the PAPR using conventional and modified SLM methods, and these cases with different number of subcarriers are compared. While the same number of subcarriers is used, the PAPR probability of 8QAM-OFDM signals is lower using the modified SLM method than conventional SLM. Note that, when the number of subcarriers is 128, the value of PAPR using modified SLM is reduced almost 2 dB compared with conventional SLM when the CCDF value is 10 −2 . No matter what kind of scheme is adopted, with the increase of the number of subcarriers, the value of PAPR will increase. While the number of subcarriers is more, the spectral efficiency of OFDM signals is higher. However, a large number of subcarriers are used will increase the complexity of the DSP and the system cost budget. Hence, 128 is often selected as a tradeoff number of the used subcarriers in optical access system [11] . The BER curves and constellation diagrams for the recovered data using SLM or modified SLM before and after downstream transmission are depicted in Fig. 5 . As the downstream transmission distance is 1 km or less, no matter what kind of scheme is used, the BER values are almost equal and lower than 10 −9 . Since in the signal downstream transmission over optical fiber the degradation of signal-to-noise ratio (SNR) becomes larger with the increase of distance, the value of BER will increase and the distribution of constellation points is also more divergent correspondingly. From the constellation diagrams inserted in Fig. 5 , at the end of 10 km and 20 km optical fiber, the distribution of constellation points is more ideal using modified SLM technique. Hence, as the distance increase, the reception performance of 8QAM-OFDM signals using the modified SLM is better than the conventional SLM. When the transmission distance is 20 km, the BER values of 8QAM-OFDM optical access system using conventional and modified SLM methods are 10 −3 and 10 -3.5 respectively. The results demonstrate using the modified SLM technique can slightly improve the BER perforrmance. As we know, for generating OFDM signals, a variety of forms of QAM are available and some of the more common forms including 4QAM, 8QAM, 16QAM, 32QAM, 64QAM and 128QAM. Because 4QAM-OFDM, 16QAM-OFDM, 32QAM-OFDM, 64QAM-OFDM and 128QAM-OFDM signals are adopted in the optical access system, the results show that the BER performance is almost the same when using SLM and modified SLM techniques. Moreover, the value of PAPR using modified SLM is not reduced compared with conventional SLM under the same condition, while 4QAM-OFDM, 16QAM-OFDM, 32QAM-OFDM, 64QAM-OFDM and 128QAM-OFDM signals are used as the downlink signals. Therefore, this paper only describes 8QAM-OFDM downstream signals application, because using modified SLM technique the values of BER and PAPR are more desirable compared with traditional SLM technique. Hence, the modified SLM technique is a better solution scheme for reducing PAPR influence and enhance the reception performance in the 8QAM-OFDM optical access system.
Conclusions
For reducing PAPR influence and enhance signal reception performance in the 8QAM-OFDM optical access system, the modified SLM technique is introduced and compared with the traditional SLM method. In this scheme, 8QAM-OFDM optical downstream signals are transmitted successfully over SMF with different access distances at 10Gbit/s. The results demonstrated that, the PAPR probability of 8QAM-OFDM signals will be reduced adopting the modified SLM method. Moreover, the reception performance of 8QAM-OFDM signals using the modified SLM is better than the conventional SLM. Hence, the modified SLM method is a potential solution scheme for reducing PAPR influence and enhance the reception performance in future optical access OFDM systems. 
